The aim of the study was to develop a vitality scoring method, based on piglet behavior and relate it to piglet growth and survival. From 21 sows (Sus scrofa), 287 piglets were used. After farrowing (d 0), piglets were weighed and tested for 4 behavioral parameters in a circular enclosure (55 cm diam.): movement capacity (M), udder stimulation (U), number of completed circles around the enclosure (NCC), and screaming (Sc). Piglets were weighed again on d 1, 2, 3, and 17. Piglet rectal temperature (RT) was recorded on d 0, 1, 2, and 3. Farrowing information of the sow was also recorded. Multiple regression analyses for survival and BW gain at weaning as dependent variables were performed.
INTRODUCTION
Lactation is one of the most important phases in swine production, with average live born piglet mortality of 11 to 14% in the European Union (BDporc, 2009) . Piglet mortality is a multifactor problem, including maternal and piglet factors, when no infectious causes are considered (Alonso-Spilsbury et al., 2007) . Pig producers use management strategies, such as colostrum supplementation or cross fostering, to improve results at weaning. These strategies are usually performed based on piglet BW at birth. However, many animals do not properly respond to those actions. Body weight may be the main, but not the only, predictor of pig viability (defi ned here as survival with adequate growth). Piglet behavior or vitality (defi ned here as physical strength or vigor) may also be useful to determine individual piglet viability.
Many studies have analyzed factors infl uencing piglet growth and survival in lactation. Some authors found that greater mean birth BW and low birth BW variation increased survival to weaning (Milligan et al., 2002; Akdag et al., 2009) . Several authors have studied physiological variables, such as heart rate or muscle tone of the newborn piglets and their relation with piglet viability (Randall, 1971; Zaleski and Hacker, 1993; Casellas et al., 2004) . Other authors have related piglet neonatal vitality with its survival during lactation (Herpin et al., 1996; Baxter et al., 2008) .
All studies mentioned above refl ect directly or indirectly the physical strength or vigor of the newborn piglet. However, all the parameters were obtained during the fi rst minutes after birth of the piglets, which may not be feasible in a commercial setting. The objective of the present study was to propose a novel, practical, vitality scoring method, which can be used once farrowing ends and to relate this score with piglet survival and growth during lactation. Such an index, combined with birth BW, could become a practical tool to help farmers improve management decisions with their piglets.
MATERIALS AND METHODS
All experimental procedures involving animals were conducted on a commercial farm in Catalonia, Spain, after being approved by the Institutional Animal Care and Use Committee of the Universitat Autònoma de Barcelona.
Animals, Housing, and Management
A total of 287 piglets born from 21 randomly selected sows (Large White × Landrace) between second and sixth parity were used in this experiment. Sows were kept in individual stalls (1.2 m 2 ) during gestation and fed a commercial gestation diet, according to (NRC, 1998) requirements. At d 109 of gestation, sows were moved to climate-controlled farrowing rooms (22°C) and placed in individual farrowing crates (1.20 m 2 ), which were located in the center of farrowing pens (4.37 m 2 ). Pens were fully slatted with plastic and steel slats under the farrowing crate, located over a manure pit. Each pen was provided with 1 heating plate, set at 30°C for piglets (0.42 m 2 ) placed on the fl oor on 1 side.
On farrowing day, sows were not offered feed. During lactation period, using the usual feeding routine of the farm, sows were fed twice a day, increasing the daily amount of feed offered, according to litter size and body condition of the sow, until ad libitum was reached after 1 wk of lactation. Sows and piglets had ad libitum access to water. The usual procedures of the farm performed on the piglets included a 1-mL iron supplement given subcutaneously (Ferrovial, MEVET, Lleida, Spain), tail docking, and a farm identifi cation tag clipped in the right ear at d 3 postpartum. Weaning took place at 23 ± 2 d of age.
Experiment Development
Back fat thickness (BFP2) of the sow was measured on P2 spot (on the last rib, 65 mm down the dorsal middle line) on both sides, using an ultrasound system Renco Lean Meater (Renco Corp., North Minneapolis, MN), when entering the farrowing room and at the end of experimental period (d 17 postpartum). Productive variables of the sow were also recorded: total piglets born and number of piglets born alive, stillbirth, and mummifi ed. Number of piglets that died during lactation period was registered, differentiating between before and after cross fostering.
Within 3 h after the end of farrowing, piglets were individually evaluated for 4 parameters, depending on an observational evaluation (see Table 1 ) to determine the vitality score: movement capacity (M), udder stimulation (U), number of completed circles around the enclosure (NCC), and screaming (Sc). The end of farrowing was considered to be after placental expulsion. All sows that needed intervention during farrowing were excluded from the experiment and piglets were not removed from the dam after birth. Each piglet was given a score for each of the 4 parameters during the 30-s test, according to defi nitions in Table 1 . For the observations, piglets were separated from the litter and introduced to a 55-cm diam. × 60-cm height, solid, plastic enclosure, open at the bottom and top. The enclosure was located in the aisle, over solid fl oor, in front of the crate. If a litter was in a sleeping period, we waited and did the test once they were awake.
Vitality test variables were mainly based on previous observations of piglets and also literature. Parameter M was developed as a practical simplifi cation of the test developed by Randall (1971) , based on an Apgar (1953) and modifi ed later by Zaleski and Hacker (1993) , Herpin et al. (1996) reach the udder as a vitality index (Hacker et al., 1979; Bate and Hacker, 1982; Tuchscherer et al., 2000; Baxter et al., 2008; Orozco-Gregorio et al., 2008; González-Lozano et al., 2010) . Parameter U was developed as an indirect assessment of the capacity of the piglet for suckling and stimulating a teat. Different authors have used the number of teats suckled during the fi rst 2 h of suckling (Hacker et al., 1979) , capacity for taking the fi rst colostrum (Tuchscherer et al., 2000) , or latency to suckle (Baxter et al., 2008) as vitality measures. Finally, parameter Sc was based on the fact that distress calls or screams of the piglet could induce posture changes in the sows, preventing piglet from being crushed (Wechsler and Hegglin, 1997) . After the vitality test was performed, rectal temperature (RT) of the piglet was measured with a digital thermometer (MSR, Measure Technology Co. Ltd; Taipei, Taiwan, with a display resolution of 0.01°C and ± 0.1°C accuracy) and each piglet was weighed and ear tagged for individual identifi cation purposes. On d 1, 2, and 3 postpartum, piglets were weighed and RT was measured. Piglets were weighed again at the end of the experiment (d 17 postpartum). Twenty-four hours after birth, litters were fi xed at 12 or 13 piglets per litter. Cross fostering was limited to necessary changes to minimize possible effects on piglets.
Statistical Analyses
To investigate the piglet vitality measures that may infl uence the dependent variables, piglet BW gain at weaning and survival, a multivariate model was developed for each dependent variable. Statistical analyses were performed using SAS program (SAS Inst. Inc., Cary, NC). Univariate analysis was performed to check variables for normality and identify outlier candidates. A bivariate analysis using Pearson correlation, Spearman rank correlation, and chi-square test was performed to study collinearity, especially among vitality parameters (M, U, NCC, and Sc), and other explanatory variables. Any collinearity problem was solved not considering the covariate with the lower correlation to dependent variables (piglet BW gain at weaning and piglet survival) in the multivariate analysis.
For multivariate regression analysis, the effect of vitality parameters, litter average weight, total piglets born, number of piglets born alive, stillbirth, and mummifi ed piglets, parity number of the sow, and RT and birth weight of the piglet (independent variables) on piglet BW gain at weaning, and piglet survival (dependent variables) were analyzed by general and generalized linear models, using REG, GLM, and GLIMMIX procedures of SAS. All potential predictive variables were introduced as fi xed effects and removed based on signifi cance to avoid over parameterization. Litter was initially considered a random variable but was removed from the model due to lack of signifi cance. Once a fi nal multivariate model was obtained for each dependent variable, the model was fi tted, also including the sum of signifi cant vitality parameters and not single parameters, to allow for a more practical approach with a single criterion of classifi cation for piglets. Alpha level for determination of signifi cance was 0.05.
RESULTS
Sows had an average BFP2 when entering the farrowing room of 15.8 ± 3.99 mm and an average BFP2 at the end of lactation period of 13.0 ± 3.34 mm. Average number of piglets born alive per litter was 13.6 ± 2.34 and the average stillborn and mummifi ed piglets per litter was 0.76 ± 1.300 and 0.67 ± 1.017, respectively. Piglets were born with an average birth weight of 1389 ± 333.4 g and average RT measured within 3 h after the end of parturition was 38.0 ± 0.86°C (Table 2) . Descriptive statistics for all measures recorded from piglets during the experimental period are shown in Table 2 . Table 3 shows the distribution of scores obtained for piglets for each vitality parameter evaluated (M, U, NCC, and Sc). At the end of the experiment, sows weaned 11.7 ± 1.31 piglets per litter. Mortality calculated as piglets per litter after cross fostering was 9.2 ± 2.21%. Mortality calculated as number of piglets born alive was 10.7 ± 2.25%. In the bivariate analysis, parameter M of vitality was strongly related with parameters U and N (χ 2 = 46.65 and χ 2 = 35.96 respectively, P < 0.001). This parameter also showed the lowest correlation to the dependent variables; thus, it was removed from the model to avoid collinearity problems. There was no correlation between U and NCC parameters (χ 2 = 1.96, P = 0.375), and neither U nor N was correlated with BW after farrowing (r = 0.089, P = 0.133; and r = -0.018, P = 0.758, respectively), or RT after farrowing (r = 0.0118, P = 0.842; and r = -0.0929, P = 0.116, respectively). No correlation among parameter Sc of vitality and other explanatory variables was found in the bivariate analysis (P > 0.10). Thus, 3 independent variables, U, NCC, and Sc, were included in the multivariate analysis. Body weight gain of the piglet at weaning was correlated with BW after farrowing and BW gain at 48 h of life (r = 0.392, P < 0.001; and r = 0.328, P < 0.001, respectively). The fi rst was kept for the multivariate analysis, based on its better r (and biological meaning) to avoid collinearity problems. The RT of the piglet within 3 h after end of parturition was correlated with RT 72 h after birth and BW after farrowing (r = 0.279, P < 0.001; and r = 0.399, P < 0.001, respectively). Thus, RT was removed from the multivariate analysis because it had a worse r to dependent variables than RT 72 h after birth.
The fi nal multivariate models for BW gain and survival at weaning, including parameters measured from the piglet, information obtained from the sow, and both U and NCC, are described below. Parameter U had the greatest correlation with BW gain at weaning and piglet survival (r = 0.111, P = 0.084; and r = 0.110, P = 0.063, respectively). Parameter Sc of vitality was neither correlated with BW gain nor survival, and it was not considered for the fi nal multivariate models.
The fi nal multivariate BW gain model included piglet BW after farrowing as the most infl uential piglet factor (F 1, 230 = 54.6; P < 0.001). The sow factors of number born alive and parity number were infl uential (F 8, 230 = 5.73; P < 0.001 and F 3, 230 = 3.2; P = 0.024, respectively), in addition to average litter weight (F 2, 230 = 4.32; P = 0.015). The model showed a better fi t, including the sum of U and NCC vitality parameters, instead of both U and NCC separately. Sum of U and NCC was an infl uential parameter for piglet BW gain at weaning (F 1, 230 = 5.25; P = 0.023). The overall signifi cance for the model was P < 0.001, with CV = 21.94 and R 2 = 0.35.
The fi nal multivariate survival model included only piglet factors. Piglet BW after farrowing and RT at 72 h of life were infl uential with F 1, 259 = 5.97 (P = 0.015) and F 1, 259 = 2.99 (P = 0.085), respectively. The model, including the sum of U and NCC vitality parameters, showed better fi t than the 1 including both separately. Sum of U and NCC was an infl uential parameter of survival of the piglet (F 1, 259 = 4.98; P = 0.026). The Wald test of signifi cance for the model was P = 0. 027.
DISCUSSION
Most attempts to fi nd an objective index to predict viability of the newborn piglet (Randall, 1971; Zaleski and Hacker, 1993) have been defi ned in experimental conditions but are diffi cult to apply to commercial conditions. Aiming to develop an objective index easy to perform in commercial conditions, we evaluated the vitality of the piglet with 4 parameters (M, U, NCC, and Sc) and related these parameters to survival and growth of newborn piglet. The 4 parameters were initially considered independent. However, M was dismissed because it showed a strong relation with U and NCC. The observed correlation may result from the fact that characteristics of piglet movement (M) may also be measured during measurement of U and NCC.
Parameter Sc was independent from the rest of the vitality measures. However, results showed that screaming during the test did not increase piglet chance to survive nor infl uence its growth. Our results agree with Illmann et al. (2008) , who found that sows only reacted in 50% of trappings to the screams of their piglets. Held et al. (2006 Held et al. ( , 2007 also failed to show a relationship between responsiveness in a Piglet Scream Test and piglet mortality in outdoor sows. On the other hand, Wechsler and Hegglin (1997) found that sows with greater responsiveness to playbacks of piglet distress calls had fewer trapped piglets crushed and Andersen et al. (2005) observed that sows that did not crush any piglet during lactation showed a more protective mothering style. Differences in responses of the sow to a squealing piglet may be much more infl uential on survival than piglet screaming capacity. Moreover, in our experiment, we only recorded the presence of screaming during the test, not its type or intensity. We may not have been measuring the right type of vocalization for survival (von Borell et al., 2009) . Further studies on the effect of different types of stress calls and frequency or intensity on survival would be of interest. Parameter U showed the best correlation to BW gain and survival of the piglet. This result indicates that our hypothesis of using U to evaluate udder stimulation capacity of the piglet and, thus, its milk intake capability may be plausible. Piglet ability to move forward (NCC) and stimulate the udder (U) might be positively associated with piglet capacity to reach the udder, maintain suckling, and thus promote milk production by the sow and survival and growth of the piglet. In our fi nal multivariate survival and growth models, combination of U and NCC parameter as 1 unique parameter, UNCC was an even better option, which simplifi es its on-farm application.
As we expected, BW of the piglet after farrowing was the most infl uential variable for both BW gain and survival. Our results are in agreement with Tuchscherer et al. (2000) , Casellas et al. (2004) , Baxter et al. (2008) , and Pedersen et al. (2011) , who found that birth weight was 1 of the most important covariates for postnatal survival. As we observed in our study, many authors have also observed a positive relationship between birth weight and growth (Castrén et al., 1991; Litten et al., 2003; Fix et al., 2010) . Furthermore, litter average BW after cross fostering was also an infl uencing factor in the multivariate growth model. It may be related to the observation made by Milligan et al. (2001) that sows with a low within-litter birth weight variation had less withinlitter weaning weight variation, showing the importance of allocating piglets among litters to achieve similar BW. Piglet RT at 72 h of life was also an infl uencing factor in the multivariate survival model. In concordance, Baxter et al. (2008) observed higher RT temperature 24 h after birth in surviving piglets.
Sows are also important subjects for neonatal piglet studies because piglet growth depends in great measure on the characteristics and milk production of the sow. Our multivariate growth model included 2 sow parameters that could infl uence milk productionnumber of piglets born alive and parity number. Hoshino and Koketsu (2009) indicated that sows with increased number of mummifi ed and stillbirth piglets had low milk yields. On the other hand, Eissen et al. (2000) pointed out that milk production decreases after fourth parity. Data on piglets born alive and parity number are usually recorded at the farm and are easy to obtain during evaluation of the piglets. In fact, these 2 parameters are usually considered when cross fostering is used. This study has identifi ed 2 behavioral traits (udder stimulation and number of completed circles around the enclosure) easy to assess after birth and not correlated with birth BW that refl ect vitality of the piglet and may help to predict viability of the piglet as a complementary/ alternative to parameters proposed, so far, in the literature. These behavioral traits may also be useful to quickly identify weak piglets and piglets at high risk of death, and to establish palliative measures. Further studies should be performed to better understand how assessing vitality of the piglet might infl uence the way standard management techniques are performed on the farm, stock people requirements for evaluation, and palliative measures, and their fi nal benefi ts in number of piglets weaned.
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